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(54) Sg(b)-KETOACYL-ACP-SYNTHETASE II ENZYME AND GENE ENCODING THE SAME 



(57) A gene of a protein having an enzymatic activ- 
ity enabling the control or regulation of the contents of 
saturated and unsaturated fatty acids in plant ceils and 
the enzyme protein as the expression product of this 
gene, more specifically: proteins showing a p-ketoacyl- 
ACP*synthetase II (KAS II) activity and having a specific 
amino acid sequence typified by the amino acid 



sequence of KAS II originating in blue-green algae 
(Anacystis niduians ) or an amino acid sequence sub- 
stantially equivalent thereto; a KAS II protein gene 
encoding the amino acid sequence of the above protein; 
and recombinant vectors containing this gene and cells 
having this gene transferred thereinto. 
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Description 

Technical Field 
[0001] 



in, a ape* an™, ,« aappanaa. « a „ne =Ui^T*SSSS?S rST.'ST "** 



Background An , 



[0002] Fatty acid synthases are known to be divided into two types; the enzymes in animals an* UM «e » . 
synthetase complexes (FAS) in which a variety of enzymes are wholly .inK^as a C0 ^e7havina a 
I), while those in higher plant cells and procaryotes are of such type that each of thTen^? h L ^ . (tVPe 
disconnected outs.de the organisms (type II). An acyl carrier proSS Sch s ^ XS^Stt 
synthes.s of a fatty acid with the enzyme type II. and the fatty acids are synthesized as an acv ACP VhV< T V 
of the synthesis system is pa.mitoyl-ACP. The pa.mrtoyl-ACP is furtner corTeS info tear^-AC >IZ 

" ' atter IS <Urther d6Sa,Urated ^ ^-andT^ 
^n^ 

££7,9=,' ^^Slf. i," P K nB T bM " S "* Ma exlensi «" I 6 ™"" « *• *«•• Plan, Phya»l Mo, 

in the lipid synthesis of plants hLe bSn^oStif LTaI! ^ m ° mS ' A Vanety ° f mutan,s of inv ° lve ^ 
desaturation reaction baveTeen WNCh ,he en2ymes ^sponsible for the 

has been designated as fab "n SfStSS *e KAS^fn dSSCribed ,0r the KAS "' ,he muta ™ of ^ 

-temincreaLby^ifiaTerr^ 

plete purification of the enzyme KASM oen « h a «« L*n w^IhT ^ SI0L (1994) 106 - 1 *3-150). As regards the com- 
ent Laid-open Publication ^o 500234/t 994) and s^LnTn 8 b6an (R ' dnuS COmmunis: Ja ? anese Pal " 
501 446/! 995) on the basis o °ihe 7^ S ^ ^ , i yC ' ne max; Ja P anese Pa te« Laid-Open Publ.cat.on No 
above described pSSES as S^^Tai .£ ^ d6Qraded ^ * *• PUrt,ied en2 y me ' ln tne 
ac* content on the m,^Z^^S^S^T^^T ^ ** °' 6 ^ 
to a little over 30% of the total fattv acid eon.Inf Z J . Z, F*^ S decreased b > ca - 2 °% t""s correspond^ 
content in the seeds was dec'elsed b^0 8^ and oT^ irt0 Canola ,he P a "™ c 

leaves was decreased by cT^ In thfe * Z 9 * 9ene ,nt0 t0baCC ° the P 3 " 1 ** acid «««« in the 

found between the genes ^ castor ^an^ean diSt ' nCt ^ b6e " Curiou * 

urase (PCT/JP 94/02288 (PCTMC Si ^ 92/ °°° 24 (PCT/W0 92/13082 ». < a «V acid dej 

Disclosure of the In^n^ 
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[0008] It is believed thai if there is a protein having such an enzyme activity that the decrease of the enzyme activity 
responsible for the synthesis of fatty acids leads to the increase of the palmitic add content in lipids of cells while the 
increase of enzyme activity leads to the increase of content of the fatty acids with 18 or more carbon atoms, the unsatu- 
rated tatty acid contents in the lipids is possibly increased for example as a result of the increase of content of the fatty 
acids with 18 or more carbon atoms due to the increase of the enzyme activity. 

[0009] The present inventors have conducted earnest researches in order to solve the above described problems, 
and as a result, successfully isolated a gene which codes for an enzyme p-ketoacyl-ACP synthetase II (KASII) from 
cyanobacterium (Anacvstis ntduians). and found that the introduction of the gene into E, coli confers the KASII produc- 
ing ability whereby fatty acids having extended in chain length increase. The present invention has been accomplished 
on the basis of the finding. 

[001 0] That is. the present invention relates to the protein which has an amino acid sequence represented by SEQ 
ID NO. 2 or substantially the same amino acid sequence as the one represented by SEQ ID NO. 2 and exhibit the KASII 
enzyme activity. 

[001 1 ] The present invention also relates to the KASII enzyme gene coding for the protein which has an amino acid 
sequence represented by SEQ ID NO. 2 or substantially the same amino acid sequence as the one represented by 
SEQ ID NO. 2 and exhibit the KASII enzyme activity. 

[001 2] Furthermore, the present invention relates to the recombinant vector containing the gene and the cells in which 
the gene has been introduced. 

Brief Description of the Drawings 

[001 3] 

Fig. 1 shows the amino acid sequence represented by single-letter codes corresponding to SEQ ID NO. 2 (three- 
letter codes amino acid). 

Fig. 2 illustrates the comparative chart of the amino acid sequence of barley (Accession No. P23902 in SWISS- 
PROT data base) KASI enzyme with the amino acid sequence expected from the DNA sequence of the castor bean 
(GENBANK Accession No. Li 3241) KASII enzyme. 

Fig. 3 illustrates the comparative chart of the amino acid sequence of the enzyme KASII (referred to as KASII in the 
drawing) derived from Anacvstis nidulans in the present invention with the amino acid sequence (referred to as Fab) 
of fabF or J (code Si 1 1069) of Synechocystis sp. Strain PCC6803. 

Best Mode for carrying o ut the Invention 

[0014] The present invention is now explained in detail as follows. 
KASII enzyme active protein and its aene 

[001 5] As described above, the protein of the present invention having the KASII enzyme activity has the amino acid 
sequence represented by SEQ ID NO. 2 (corresponding to the amino acid sequence (single-letter code) in Fig. 1) or 
substantially the same amino acid sequence as the one represented by SEQ ID NO. 2. and the gene of the KASII 
enzyme active protein according to the present invention codes for the above described protein having the amino acid 
sequence represented by SEQ ID NO. 2 or substantially the same amino acid sequence as the one represented by 
SEQ ID NO. 2. The phraseology "protein having the KASII enzyme activity" or "KASII enzyme active protein" in the 
present invention means the protein having an enzyme activity which produces a longer fatty acid (particularly stearic 
acid) by extending the chain length of a fatty acid (particularly palmitic acid). 

[0016] As the KASII enzyme active proteins described above, there can be used in the present invention an appro- 
priate naturally occurring gene products as well as mutant gene products in which a part of the amino acid sequences 
of the proteins has been mutated, provided that the proteins have the above described KASII enzyme activity. By way 
of example, the product of the KASII enzyme active protein gene typically includes the KASII enzyme derived from the 
cyanobacterium as a microorganism (SEQ ID NO. 2). 

[001 7] The phrase "substantially the same amino acid sequence" in the present invention means that the sequence 
of the mutant described above is also included, such as typically the amino acid sequence of the enzyme protein 
derived from the cyanobacterium represented by SEQ ID NO. 2 (SEQ ID NO. 2. Fig. 1) or the sequence in which one 
or more, preferably one or a few amino acids have been substituted, deleted, inserted or added. 
[0018] Therefore, the term "substantially" in the case of "the gene coding for ... substantially the same amino acid 
sequence" in the present invention is intended to include not only the gene of a DNA sequence coding for the naturally 
occurring protein having the KASII enzyme activity defined above, but also the gene of a DNA sequence coding for the 
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9ene c * es « be - a,s ° in - dna -™kS 

EIHL K ^ S 'L e "! yme 3Ctive Pr0tein encoded b * the 9 ene of P^sent invention has a function of the chain elon 
SETTS T * % SyntheS,S " Weh iS 0ri9ina " y Presem in Plarts and ^croorganisms as SiS above 

SS51^ ^Jf?"? ,UnC,i ° n ' ^ aP Sn2yme ^ <0r producinp a lonQer «ty acid (pariTuS? stearic 
acd) that the cna,n length of a fatty acid (particularly, palmitic acid) has been elongated The typical «anSe o 'the T^ 

££f IS!? , 'k 6 cyanobacterium is local| y sim « ar to the protein encoded by the KASI gene of E coli and barlev 

dScnbLTASM Th^T 6 ,r ° m me J*"" b6an 3,110,19 the Patent Publicati0 " s warding to tS above 

, 5 6nZyme aCt ' ve protein accordin9 ,0 tne P resent inv ention has. as described above th! 

h ^ SePUenCe represented * SEQ 10 N0 - 2 « substantially the same amino acid sequence Vs S abovl 

!T2?V n l an ? 3 r rked,y hi9h f ° r Pr0duCin9 a ton9er acid (Partcu,ar.y^stla ric adJ) fn wNch 

the cham length of a fatty acd (particularly, palmitic acid) has been elongated 

Tl 8 " 8 ,! 0 ' 0Wainin9 thC 96,16 COdin9 for ,he pr0lein 0< the P resent inv «"«°" the chemical synthesis 
» 11 k ^1° thS Cha ' n aCC ° rdin9 ,0 ,hS me,h0d 01 nucleic acid it is more preferable in corSderatton of 

Ivntho h ? 6 "a" 1 :?- aC ' dS 10 bS ' inked t0 USS ,he m6th0d ' ra,her than ,he chemical synthesis ?n wS cDNA 2 
syn,hes,zed from mRNA .solated from a naturally occurring material, in particular cyanobacterium as a bactVrium and 

Z^rlTjTJT 9ene .'fc rary ^ me,h0d C ° mm0n,y US6d h ,he ,ie ' d - genetic engin^rfng 
0021] The gene of the enzyme KASII can be obtained for example as follows 

[0022] Firstly, the enzyme from a higher plant or a microorganism, particularly cyanobacterium is nurKi*d th« 

expression regulatory sequence is r^LTr J M ?J%F? °, P 3 Pr0tein ° r 3 P^^e encoded thereby, an 
amino acid sequence ^STZdS^J^J' 6 ° NA (COdinS r69ion > responding to the 

expression regulator^ s^m^^^kJ^^"^" * he ° NA Sequence com P risin 9 «*h 

it in a higher plant is the^romoter .Z^TSZ^^ re9 '° a ^ 006 P***"* tor expressing 

liflower mosaic virus), anS ^^TSSiSSZ^ ?* ^ ^ *° m the 35S pr0mo,er of cau 

enzyme). When DNA ottJ^^SSSS^r",^- 1 ^ **" ^ terminat0r °' n0paline synthesis 
sequence comprises «prJ^i!SSS^ ' '** " a ' S ° 66 prOV,ded « the DNA 

Use of KASII enzyme a ctive nrntPin r . 
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[0030J In this connection, although the cells may be either microorganism cells or plant cells irrespective of the kind 
of organisms, the microorganism cells include E. colt and the like, and the piant cells include chilling sensitive plants 
such as tobacco and the like. The gene can be introduced into plants generally with the known methods such as the 
ones described in "Plant Molecular Biology Manual. Second Edition; S.G. Geivin. and R.A. Schilperoort eds. Kluwer 
5 Academic Publishers. 1995". By way of example, there can be mentioned the biological methods which include a 
method with virus or a method with Agrobacterium. and the physicochemical methods which include the eiectroporation 
method, the polyethylene glycol method, the panicle gun method, and the like. 

[0031] Also, the enzyme KASII is a protein which is present in chloroplast envelope in plants, so that it is necessary 
to attach the DNA chain coding for transit peptide to the chloroplast upstream the enzyme KASII. By way of example. 
ic the small sub-unit gene of ribulose-1 ,5-bisphosphate carboxylase of pea can be used as a gene coding for the transit 
peptide. 

[0032] The KASII enzyme active protein of the present invention, typically the gene coding for the KASII enzyme 
active protein (amino acid SEQ ID NO. 2) derived from the cyanobacterium Anacvstis nidulans (the DNA sequence of 
the gene derived from the cyanobacterium is represented by SEQ ID NO. 1) is useful for the improvement of lipid com- 
is position in plants and microorganisms by transformation, particularly the control of the amount ratio between fatty acids 
with 16 and 18 carbon atoms. 

[0033] The expression of the KASII enzyme protein of the present invention as a foreign protein in an organism leads 
to the elongation of the chain length of fatty acids from 16 carbon atoms (palmitic acid) to the 18 carbon atoms (stearic 
acid), the stearic acid is desaturated in an organism, and the content of unsaturated fatty acids is increased. It is 
20 believed that chilling resistance is enhanced in plants in which unsaturated fatty acids have been increased (PCT/WO 
92/1 3082. PCT/WO 95/1 8222), and it is expected that the resistance to the stress of culture is enhanced in microorgan- 
isms (yeast, E, Qoii and the like) in which unsaturated fatty acids have been increased. 

Examples 

25 

[0034] The present invention is described below in detail with reference to examples, it is not to be limited by these 
examples. 

Example 1 Preparation of DNA derived from A. nidulans. and preparation of DNA library 

30 

[0035] A, nidulans (Catalog No. 1AM M-6: it is possible to obtain it from Institute of Molecular Cytology. Tokyo Univer- 
sity) was cultured in about 100 ml of the BG-1 1 culture medium prepared according to the method described in p. 279 
of Plant Molecular Biology, by Shaw (IRL PRESS. 1988). The bacterial cells were cultured sufficiently by shaking at 120 
times/min under a fluorescent light of 1000 lux at 25°C. The cells were recovered by centrifugation at 5,000 g for 10 min. 
25 at room temperature. 

[0036] In order to isolate DNA, the precipitated ceils were suspended in 50 ml of 50 mM Tris CI (pH 8.0). 1 mM EDTA 
(solution A) and washed by centrifugation again. The cells were then re-suspended again in 15 ml (solution) of 50 mM 
Tns CI (pH 8.0), 20 mM EDTA. 50 mM NaCI, 0.25 M sucrose (Solution B), to which 40 mg of lysozyme (Sigma) dissolved 
in Solution B was added, and the mixture was snaked slowly at 37°C. After 1 hour. 15 mg of proteinase K and SDS at 

40 a final concentration of 1% were added, and the mixture was shaked slowly over night at 37°C . Next day, NaCI0 4 was 
adjusted to a concentration of 1 M, 20 ml of chloroform/isoamyl alcohol (24 : 1) was added, the mixture was shaked 
slowly for 10 minutes, and the aqueous layer was separated by centrifugation. After extraction with chloroform/isoamyl 
alcohol was repeated once again, 50 ml of ethanol was added, and DNA was recovered by winding it around a glass 
rod. The DNA was dissolved in 20 ml of solution A, NaCI was adjusted to a concentration of 0.1 M, RNase at a concen- 

45 tration of 50 mg/ml was added and the reaction was conducted at 37°C for 1 hour. The reaction mixture was then sub- 
jected to an extraction twice with an equivalent amount of phenol saturated with solution A. After DNA in the aqueous 
layer was recovered by the addition of ethanol and washed with 70% ethanol. it was dissolved in 1 ml of solution A to 
prepare the DNA solution. 

[0037] After partial digestion of ca. 100 g of DNA with Sau 3A I for the purpose of preparing a genomic DNA library. 
so from DNA thus obtained, DNA of about 9 - 23 kb was collected by ultracentrifugation on a gradient of sucrose density 
according to the method described by Sambrook et al. it was cloned into DASH II (kit by Stratagene) cleaved with Bam 
HI and Hind 111. 

Example 2 Cloning of KASII enzyme-like gene from cyanobacterium Anacystis nidulans 

55 

[0038] Several short DNA chains were synthesized by comparing the enzyme KASI of barley with the enzyme KASII 
of castor bean while paying attention to the regions having high homology between these enzymes (Fig. 2). Among 
these chains, distinct bands in accordance with expected sizes were observed in reactions carried out with the following 
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combination. 



[0039] 



20 



25 



[0039] Amono the sequences SEQ ID, mo a ; t a 

EEVNYINA, and SEQ ID NO. 3 ifa qhrne co£q fo , he EELSTT C ° rreSPOndin9 t0 the am ™ *cid sequence 
NSFGFGG. The PCR reactions wer carried o^lSh 51 a e n1hSenss w cha,n corresponding to the amino ac.d sequence 
under a condrtion of using a GeneAmp™ PC^R ^ frakTra SSS STrtff m ^ ™ ^ W3S 
w MM of the primers, respectively, and 1 Jg of DNAcSS Urom A .S^V? 9 ^ rea «ion solution 20 

formed with each cycle composing theXtion at 95 ?£ ^L^St * 35 cycles was Der " 

on,y ,n the first cycle, the reaction at Ii22 i ^ , ^ 1 ^"T C < 2 '^).P«^l« 
changed into 35°C. After completion of reaaioT the r^ettan mil T ^ 6 ,emDerature * 50'C was 

form to recovered the aqueous KlJS^'^^^JS^ £ SEE ^ 1 °° * " Ch '° r °- 
E^T? 10 P ° r,i0n W3S ana,y26d by 2% a 9 arose d *< electrXSis " ' * * 9 ' V6 " n aqU60US ' ayer ' 

Ein^C^^ 

..uorescent spencer (marred SSiS^T^^ ? ^ USe 0< 3 

tiprime DNA labelling kitfAmersham Col Zlnl!! 1^! . W3S labeled with 32P "dCTP using Mul- 

[0041] E coli P2392 wmm!S2 J. 1 P 3 Pr0be and USed for ,he followin 9 experiment of hybridization 
having a a^of^^^ ««~ 10 '°° 0 P ' a °- «« <™ed ontplate 

Hybridization was carried out by the methr£ 7Jrr^ h c ' ■ ,rans,erred °nto a nylon membrane. 

Spring Harbor Laboratory Press Xi^^^S? * " * (M °' eCUlar C, ° nin 9 ; Second edition, Cold 

(Type 400. Pharmacia Co.) £ TyvTny ^iSI h^n™ .^w/* X S °' U,i ° n cc-phsingRcol. 

amount of 10 g,, and ZSO^J^ZZZ ^Z ^T^jZ^^ ^r*"*"* * 
twice with 5 x SSC and 0.1% SDS solution at 4S .rh,«l» hours. Thereafter, the membrane was washed 
clones were purified to obtain the phage DMAs h ™ l T ,0 autoradi °^aphy. Ten positive 

ose gel electrophoresis fol owed b Shern b^nf^H T ^ TBSMn en2ymes ' £ub ' ected *> agar- 

membrane was hybndaed^nder thTsIme coSon as TlZ ^ ^'T* ,0 converrtional ™,hod. The 
hybridization strengths and the Sna ^ment 7^ As fr JStTh S ^ P ^ hybridi2ation t0 ^Pare the 
satisfactory from the standpoint of bo n sfrengS Td fr^mem ^nl TnT" ,° ^ ^ be " eved t0 be 

enzymes to carry out Southern hybnd zaTon Ts ^^ ^Sr^n ^^ ^ W * h SOme restriction 
detected by cleaving with Sal I so that it wTc « J, !^ . a u hyb " dizin 9 fragment havmg a length of about 5 top was 
to as pB and pR respectively ^each o,on e S c S3 ' ' **' ° f PUC 19 (Takara Shuzo Co - L«0 (referrS 

and pF were judged as the^ denial dna ^ , ' n ""^ detai ' t0 mappi " 9 wi,h restriction 6n2 >^^. pB 
according to was P-P a ^ restnction enzyme 

the hybridizmg DNA fragment was de ermined wrth a T«fil ! ° ha,n for ab0lrt 2 ,ra 9 men1 comprising 

CORF) consisting of 1251 bo w«fo unJ ^fromf an J " a f luorescerrt sequencer (SEQ ID NO. 1). An open reading frame 

- ID NO. 2). Comparing the ^CU^^SS^? rSS ' dUeS ^ Pr6SUmed (SEQ 

significant homology with a fatty acid svS^a .„ ™« , if I t?. re9 ' s,ered ,0 datat) ase for homology, it exhibited 
which was thought to be fabF^r J fn E2S?£5S rSUSSSi^ 8 ^ h ° m0, ° 9y 0< ?4% ** thS Pr0,ein 
KAZUSA DNA institute (database DDBJ acS SIEVES ~K gSS ? 2* "S 06803 by 
it exh,b.ted homologies of 43 • 46% with the KASn n p„^Z L, , 9 : 6523B9 ^ < F| 9- 3 )- A s regards the other proteins. 

«5 barley and 35% with KASl derived from E Sf^CT £££ CaSt ° r be3n 3n<3 ,h6 KAS ' 9ene derived fr °m 

KAS.. II or II. corresponds to the f unrton o7 So^T h ° m0, ° 9,eS 01 9 enes could not drstinguish which of 

Ixam^ Measurement of activity of KASIMike gene derived from Anacvsti. nidulans in £ m 

50 S^S^^S^^^S^ 9e - the ^ «■ was tried. Firstly, in order 

Nde I srte was introduced Tm^^ 3 ° NA WhiCh at ,he ^terminal. 

IN srte was introduced immediately Zm£l^ ™t SS " ^ 6S ' S '^'^ B ''° SyS,em Co ) ' whl,e Hi(1d 
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55 



1 : 5--CGCACATATGACTGAAACCGGACGCC fSEO ID NO «;i 
2: 5'-CCGCAAGCTTGCAGCAGCGCGTACTGC (SEQ ID NO 6) 

f004 3] PCR reaction was performed with both synthetic DNAs as a primer in the presence of pF as a template DNA. 
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Regarding the reaction condition, the reaction was repeated 30 cycles according to the manual from Perkin- Elmer Co. 
with each cycle comprising the reaction at 94°C (1 minute), 60°C (1 minute) and 72°C (2 minutes). The reaction product 
was cleaved with Ndel and Hind HI, followed by cloning with pETT7b preliminarily deaved with the same restriction 
enzyme set as described above into E cpji strain DH5, which was then cloned into a strain BL2l(DE3)pLysS (Nova- 
gen). 

[0044] The recombinant of a latter E coji strain was cultured (32°C) until the turbidity of the culture solution reached 
0.5 OD at a wavelength of 600 nm in 75 ml of LB medium to which 1 00 ug/ml of ampicillin and 30 ng/mf of chloramphen- 
icol had been added. IPTG was then added at a final concentration of 0.4 mM, and culturing was further continued for 
2 hours. E. coii was recovered from the culture medium by centrrfugation at 10,000 x g for 10 minutes, and the celts 
were washed with 50 mM Iris HCI (pH 7.4) and frozen at -20°C. The cells were thawed in ice with a solution consisting 
of 20 mM Tris HCI (pH 8 0), 20 mM dithiothreithol, 10 mM MgCI 2 and 1 ug/ml Dnase I. The mixture was centrifuged at 
100,000 x g at 4°C for 1 hour, and the protein solution as the supernatant was subjected to SDS electrophoresis on a 
slab gel having a polyacrylamide concentration gradient from 1 0 to 20% followed by dying with Coomassie brilliant blue. 
As a result, the protein derived from Anacvstis nidulans was detected as a protein having a molecular weight of about 
50 kDa. 

[0045] As for the fatty acid composition of coil, the fatty acids were recovered for analysis as the methyl esters from 
the cells cultured as described above. Methylation was carried out by heating about 5 mg of lipid together with 1 ml of 
5% hydrochloric acid in anhydrous methanol in a sealed tube in boiling water for 4 hours, the reaction mixture was 
cooled by standing followed by extracting the fatty acid methyl esters with hexane. Methylated fatty acid esters were 
analyzed on a capillary column (polyester liquid phase; 10% EGSS-X. 175°C) with a hydrogen flame ionization detec- 
tor. Fatty acids were determined by comparing their relative retention times with those of standard methylated fatty 
acids. The results are listed in the following table. 



Fatty acid compositions in coli 


Sample 


14:0 


16:0 


16:1 


18:0 


18:1 


16:0+16:1/18:0+18:1 


Control 


2 


37 


21 


1 


38 


1.49 


Recombinant £1 


0 


24 


13 


6 


57 


0.59 


Recombinant #2 


0 


21 


11 


7 


62 


0.46 



[0046] As a result, it has been found that the fatty acids with 1 6 carbon atoms (1 6:0 and 16:1) were decreased, while 
the ratio of the fatty acids with 18 carbon atoms (18:0 and 18:1) was increased substantially 

V. 

Industrial Applicability 

[0047] The DNA chain coding for protein which has a p-ketoacyl-ACP synthetase II enzyme activity represented by 
the enzyme KASII derived from Anacvstis nidulans has been provided by the present invention. The gene coding for the 
enzyme protein of the present invention, as described above, is a gene of the enzyme KASII which has a remarkably 
high activity of converting a fatty acid (particularly, palmitic acid with Cl6) into an even longer fatty acid (particularly, 
stearic acid with C18). and is useful, by using transformation, for the improvement of the lipids of plants, the improve- 
ment of the lipids of microorganisms, particularly tor the control of the ratio between fatty acids having 16 and 18 carbon 
atoms or for the increase of the content of unsaturated fatty acids. 
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Applicant: Kirin Beer Kabushiki Kaisha ' 

Docket NO.: 113702-432 

riling Date: January 20, 1998 

Number of Sequences: 6 
SEQ ID No.: 1 
LENGTH: 1251 base pairs 
TYPE: nucletic acid ( DNA) 
STRANDEDENESS: double 
TOPOLOGY: linear 
MOLECULE TYPE : Genomic DNA 
ORIGINAL SOURCE: 

organism: AnaQ^tis nidnlans 

STRAIN: IAM M-6 
SEQUENCE DESCRIPTION: SEQ ID NO* 1- 

^CA T C ATCCTTGCCG ^ C^XCXC „, 

^^I^^^^^^^^^cxxx :ao 

Li^i: agtacatgga ccgcaaggat * — » ^ 2 < 0 

" AGCACTCCCC CATCCCAACC < 300 

^^^^-^---ccc^^c^ 420 
^Z" A ^ C ^ A ^ CTOACC ^ TC ^ T ^-^™c .so 

a^gcacg m c agccatgatc — oc«^ ctgaatcctg tc^cccca 6 00 

^^-pr^este *»tccctttga ccaaggccgt gatggttttg tgatgggcga aggcgcaggg 72 0 
^ ^ ^ k ™ ~ - 

TCAArocTCA CGGCACCAGC acacccgcca acgacagcac •« 

AT LZ TGAGCACGCC TACAAAACCG — — GACTAAGTCG 1020 

A^ ACCTC " ACC GGGCTCCCGC ~»~» C — AACCCTCGCG 1080 

I" ACATGCTCCC CCCCACCATT 1 — - ™- — = U«0 
TTCGACTATG XCCCCAATCA GGCGCGATCG CTACCGGTGG AAGTGGCTTT GTCCAATTCC 12 00 
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TTCGGCTTTG GTGGGCACAA CGTCACGCTG GCCTTCCGGA AATTCCATCC C 

SEQ ID No. : 2 
LENGTH: 417 amino acids 
TYPE ; protein 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
ORIGINAL SOURCE: 

ORGANISM: Anacystis nidnlans 

STRAIN: JAM M-6 
NAME /KEY: CDS 
IDENTIFICATION METHOD: P 
SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Thr Glu Thr Gly Arg Gin Arg Val Val lie Thr Gly Leu Gly Ala 

1 5 10 15 

II© Thr Pro He Gly Aan Asp Pro Thr Glu Tyr Trp Gin Gly He Lou 

20 25 30 

Ala Gly Arg Asn Gly He Asp Leu He Arg Gly Phe Asp Ala Ser Arg 

35 40- 45 

His Ala Cys Lys II© Ala Gly Glu Val Lys Asp Phe Asp Pro Thr Gin 

50 55 60 

Tyr Met Asp Arg Lys Asp Ala Lys Arg Met Asp Arg Phe Ala Gin Leu 
65 70 -75 80 

Ala. Val Ala Ala Ser Arg Gin Ala Val Ala Asp Ala Lys Leu Asp He 

85 90 95 

Thr Glu Leu Asn Ala Asp Ala He Gly Val Leu He Gly Ser Gly II© 

100 105 110 

Gly Gly Leu Arg Val Met Glu Asp Gin Gin Thr Val Leu Leu Glu Lys 

115 120 125 

Gly Pro Asp Arg Cys Ser Pro Phe Met Val Pro Met, Met He Ala Asn 

130 135 140 

Met Ala Ala Gly Leu Thr Ala He Gin Leu Gly Ala Lys Gly Pro Cys 
145 150 155 160 

Asn Val Thr Val Thr Ala Cys Ala Ala Gly Ser Asn Ala Val Gly Glu 

165 170 175 

Ala Phe Arg Leu He Gin Bis Gly Tyr Ala Gin Ala Mot lie Cys Gly 
180 185 190 



EP 0 969 014 A1 



Gly Thr 01, Ser cy s Val Thr Pro Leu Ala Mat Ala Gly Phe Ala Ala 

Pro Phe Asp Gla Gly Arg Aep sly phe ^ 
225 230 235 

He U» Val i^u Glu Ser ^ u Glu Eis u . Gln ^ ^ ^ ^ 



245 



250 



255 



He Tyr Gly Glu He Val Gly Tyr Gly 

270 

Arg Ala He Glu 



Met Thr Cys Asp Ala Tyr Bis 
He Thr Ser Pro Val Pro Gly Gly Leu Gly Ala Ala 



280 285 
Phe Gly Leu Arg Asp Ala Asn Leu Gin Pro Ser Gla Val Ser Tyr He 

Asn Ala His Gly Thr Ser Thr Pro Ala Asn Asp Ser Thr Glu Thr Ala 

305 315 

315 320 

Ala He Lys Lys Ala Leu Gly Glu 



His Ala Tyr Lys Thr Val II* Ser 



325 



330 



Ser Thr Lys Ser Met Thr Gly His 



335 



340 



345 



Leu Leu Gly Gly Ser Gly Gly Ho 
350 

Met Val Pro Pro 
365 

Thr He Asn Leu Glu Aap P ro A*p P ro Asp Cys Asp Leu A*p Tyr Val 



Glu Ala Val Ala Ala Thr Leu Ala He Ala Glu A*p 



355 



360 



370 



375 



380 

Asn Gin Ala Arg Ser Leu Pro Val Glu Val 

385 

Phe Gly Phe Gly Gly flis Asn Val Thr Leu Ala Phe 



Pro Asn Gin Ala Arg Ser Leu Pro Val Glu Val Ala Leu Ser Asn Ser 
390 



405 



410 



Pro 
417 



Arg Lys Phe His 
415 



SEQ ID No, : 3 
LENGTH: 20 base pairs 
TYPE: nucleic acid (DNA) 
STRANDEDNESS : double 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
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SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

5'-CC(ACGT)CC(AG)AA(ACGT)CC(AG)AA{ACGT)GA(AG)TT-3 ' 20 

SEQ ID No.: 4 
LENGTH: 23 base pairs 
TYPE: nucleic acid (DNA) 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

5 ' -GA( AG ) GA ( AG ) GT ( ACGT ) AA ( CT ) TA ( CT ) AT ( ACT ) AA ( CT ) GC— 3 ' 2 3 

SEQ ID No. : 5 
LENGTH: 26 base pairs 
TYPE: nucleic acid (DNA) 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

5 * -CGCACATATGACTGAAACCGGACGCC-3 ' 26 




SEQ ID No. : 6 
LENGTH: 27 base pairs 
TYPE: nucleic acid (DNA) 
TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

5 * -CCGCAAGCTTGCAGCAGCGCGTACTGC-3 ' 27 



Claims 



A protein which has an amino acid sequence represented by SEQ ID NO. 2 or substantially the same amino acid 
sequence as the one represented by SEQ ID NO. 2 and has the p-ketoacyl-ACP synthetase II enzyme activity. 



2. A protein according to Claim 1, wherein substantially the same amino acid sequence is the one in which one or 
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more amino acids are substituted, deleted, inserted or added. 

5 4 

6. A gene accord.ng to Cairns 4 or 5. wnere.n tne protein encoded is derived from cyanobacterium. 

» " o^sr;r r comprisin9 ,he » «*. Protein gene accordjng to any 

8 " hVste:ntr^c e ed: ket0aCy '- ACP " — «*• P— " ■« according to any one of Cairns 4 -S 



25 



30 



35 



50 



55 



12 
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HTETGRQRW ITGLGAITPI GNOPTEYWQG 
DPTQYWDRKO AKRMDRFAQL AVAASRQAVA 
QQTVLLEKGP DRCSPFMVPM MIANMAAGLT 

I QHGYAQAM I CGGTESCVTP LAMAGFAACK 

ILVLESLEHA QARGAHIYGE IYGYGWTCOA 

VSYINAHGTS TPANOSTETA AIKKALGEHA 

IAEOMVPPTI NLEDPDPDCO LDYVPNQARS 



ILAGRNGIDL I RGFDASRHA CKIAGEVKDF 
DAKLDITELN AOAIGVLIGS GIGGLRVMED 
AIQLGAXGPC NVTVTACAAG SNAVGEAFRL 

ALSLRNDOPA HACRPFDOGR DGFVMGEGAG 
YHITSPYPGG LGAARAIEFG LRDANLQPSQ 
YKTYISSTKS MTGHLLGGSG G I EAVAATLA. 
LPVEVALSNS FGFGGHNVTL AFRKFHP 



FIG. I 
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10 20 30 40 50 
UHAHAAHM.GUM'PPAFPRRRARPRRR — PAAAVLATSAAPORE TOP PXRW 



PCSHnSSNGLFPrnPLLPKRHPFL^^ 

80 90 100 110 120 130 

50 7 ° 80 go 100 110 

I TGMGLASVFGSOVDTFYOflLLAGESGVGP I DRFDASSFPTRFAGO I RGFSSEGY I DGKN 

. : 

VTGUGWSPLGHD I DVYYNNLLDGSSG I SO I DSFDCAQFPTR I AGE I KSFSTDGWAPKL 
140 '50 160 170 180 190 

120 I3 ° MO 150 150 170 

DRRLDOC I RYC I LSGKXALESAGL6AGS0AHVKLDVGRAGVLVGT6UGGLSVFS0GVQNL 

* * " -■••»*, 

« » ... . • • ■ - « • ■ •■ . m 

SKRUDKFULYULTAGKKALADGG I -TEDMUDELDKARCGVL I GSAUGGUICVFNOAI EAL 
200 210 220 230 240 

180 190 200 210 220 230 

I EKGYRK I SPFF I PYA I TNMGSALLA I DVGFMGPNYS I STACATSNYCFYAAANH I RRGE 

.x::..:: ::: 

-R I SYRKMNPFCVPFATT1WGSAULAMDLGWUGPNYS I STACATSNFC I LNAANH I IRGE 
250 260 270 280 290 300 

240 250 260 270 280 290 

ADI IVAGGTEAAI I P I GLGGFVACRALSQRNOOP I TACRPWDKEFOGFVUGEGAGVLVUE 



AD I MLCGGSDAA I IPIGLKFVACRALSOflhTODPTKASRPV^^ 
310 320 330 340 250 360 

300 310 320 330 340 350 

SLEHAMKflDAP 1 1 AEYLGGAVlCDAYHUTDPftADGLGVSSC I TUSLRDAGVAPEEVNY IN 



ELEHAKKRGAN I YAEFLGGSFTCDAYHUTEPRPOGVGV I LC I EKALARSGVSKEEVNY I N 
370 380 390 400 410 420 

360 370 380 390 400 410 

AHATSTLAGOLAEVRA I KOVFKNPSE I K I NSTKSU I GHCLGAAGGLEA I AT IKS I TTGW 



AHATSTPAGOLKEYEALMRCFSONPOLflVNSTXSU I GH.LGMGAVEA I AT I OA I RTGW 
43 0 440 450 460 470 480 

4 20 430 440 450 460 

^T I ^hPEPE\WDTVANEKKQH-EWVG I SNSFGrGGHN'SVWFAPFK 

:: :: ::: - :: : * :..::::::::::: 

HPN I NLENPEEGVDTKVLVGPKKER.D I KVALSNSFGFGCHNSS 1 1 FAPYK 
4 '90 500 510 520 



530 



F I G. 2 
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10 20 30 40 50 60 

UANLEKXKVWTGLGA I TP I GN7L0DYTOGLUEGRNG I GP ! TRFDASDQACRFGGEVKOF 

' ■ • • ■ . • » • . . .... .. ...... 

UTETGRORW ! TGLGA ! TP I GNDPTEYWQC I LAGRNG I DL ! FCFDASRHACK I AGEVKDF 
10 20 30 40 50 60 

70 80 90 100 110 120 

DATQFLDf^E/XflMDfFCHFAVCASQQA I NDAKLV ! NELNADE IGVLIGTGI GGUCVLEO 



OPTGYUDf^AKRMDRFAQLWAASROAVADAKLD I TELNADA IGVLIGSG! GGLRVMEO 
70 80 90 100 110 120 

130 140 150 160 1 70 180 

OQT I LLDKGPSRCSPFU I PVM I ANUA5GLTA I NLGAKGPNNCTVTACAAGSNA I GOAFRL 



QQTVIJLEKGPORCSPFUVPUU I ANUAAGLTA i OLGAJCGPCNVTVT ACAAGSNAVGEAFRL 
130 140 150 150 170 180 

190 200 210 220 230 240 

VONGYAKAU I CGGTEAA i TPLSYA(FASARALSFFmDFTJ^ 



I QHGYAQAM I CGGTESCVTPU^^MCJJU^Lf^OCFAH^ 

190 200 210 220 230 240 

250 250 270 280 290 300 

I L I LEELESALARGAK I YGEUVGYAUTCDAYH I TAPVPDGRGATRA I AWALKDSGLXPEM 



I LVLESLEHAQAflGAH I YGE I VGYGUTCOAYH I TSPVPGGLGAARA I EFGLRDANLQPSQ 
250 260 270 280 290 300 

310 320 330 340 350 360 

VSY 1 NAHGTSTP ANOVTETRA I KQALGNHAYN I AVSSTXSUTGHLLGGSGG 1 EAVATYMA 



VSY I N AHGTSTPANOSTETAA I KXALGEHAYKTV 1 SSTXSMTGHLLGGSGG 1 EAVAATLA 
310 320 330 340 350 360 

370 380 390 400 410 

! AEDKVPPT I NLENPOPECOLDYVPGOSRAL I WYALSNSFGFGGHNVTLAFK)CYO 

::::::x. :.. 

I AH)MVPPT I NLEDPDPDCIXDYVPNQARSLPVEYALS^ 

370 380 390 400 410 



F I G. 3 
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